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Menetelma liuoksen haihduttamiseksi seka menetelmassa kaytettava haihdutin 



Taman keksinnon kohteena on menetelma liuoksen haihduttamiseksi, jossa liuos 
levitetaan haihduttimen rinnakkaisten, levymaisten lammonvaihdinelementtien lam- 
5 monsiirtopinnoille valumaan niilla ylhaalta alaspain, liuoksen syoton tapahtuessa 
elementeille yhteisesta nesteenjakotilasta, lammonsiirtopinnoilla haihtumatta jaanyt 
liuos ja haihdutuksen yhteydessa muodostunut sakka poistetaan haihduttimen ala- 
paasta ja haihtumatta jaanyt liuos kierratetaan takaisin lammonsiirtopinnoille niilla 
tapahtuvaa uutta haihdutusta varten. Lisaksi keksinto kohdistuu mainitussa menetel- 
10 massa kaytettavaan haihduttimeen. 

Fl-julkaisuissa 79948 ja 86961 on kuvattu kalvomateriaalia, kuten muovia, olevista 
pussimaisista lammonsiirtoelementeista muodostuvia lammonvamtimia, jotka sovel- 
tuvat mm. tislaukseen seka erilaisten suspensioiden vakevointiin. Elementit ovat 
lanmionvaihtimessa sidottuina toisiaan vasten pakaksi, jossa vesi johdetaan haihtu- 
15 ma an elementtien ulkopmnoille, mink a jalkeen haihdehoyry puristetaan kompresso- 
rilla korkeampaan paineeseen ja lampotilaan ja johdetaan elementtien sisaan lammi- 
tyshoyryksi, joka lammonsiirrossa lauhtuu takaisin vedeksi. 

Haihduttamalla tapahtuvassa liuosten valtevoinnissa liuenneiden komponenttien kyl- 
lastysaste kasvaa, ja kyllastyspisteen ylittyessa seurauksena on saostuminen. Esi- 

20 merkkeina voidaan mainita sellun valkaisujatevesista saostuva kalsiumoksalaatti, 
pohjavesista saostuvat kalsiumkarbonaatti, -sulfaatti ja -silikaatti seka mahdolliset 
rautayhdisteet, elintarviketeollisuuden jatevesista saostuvat denaturoituneet proteii- 
nit seka mineraalipitoisista jatevesista saostuvat suolat, kuten kipsi ja rautasuolat tai 
hydroksidit. Mainittujen julkaisujen mukaisissa lanmionvamtimissa kalvopinnoilla 

25 syntyva sakka, kuten myos kasiteltavien suspensioiden sisaltamat kiintoainekset, ke- 
raantyvat helposti pussimaisten elementtien valissa kakuksi, joka haittaa lammon- 
siirtoa seka neste- ja hoyryvirtauksia ja jonka takia elementtien valeja voidaan aika 
ajoin joutua puhdistamaan. Fl-hakemuksessa 970273 on kuitenkin esitetty haihdutin, 
jossa elementtien muotoa on parannettu niin, etta sakka tai muu kiintoaines putoaa 

30 haihdutuksen aikana elementtien valeista haihduttimen pohjalle, eli haihdutin on 
elementtien osalta itsepuhdistuva. 

Hamduttimissa, joissa kasiteltavan liuoksen tai suspension haihtumatta jaanyt osa 
kierratetaan takaisin lammonsiirtopinnoille riittavan haihdutusasteen saavuttami- 
seksi, jaa kuitenkin ongelmaksi se, etta elementtien valista haihduttimen pohjalle 
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pudonnut kiintoaines joutuu mukaan nestekiertoon, jolloin se voi tukkia elementtien 
ylapaiden kapeita nesteenjakokanavia, joista neste syotetaan elementtien pinnoille. 
Koska haihdutuksen tehokkuus riippuu ratkaisevasti nesteen tasaisesta leviamisesta 
elementtien lanimonsiirtopinnoille, on sakan ja muun kiintoaineksen poistaminen 
5 kiertovirtauksesta valttamatonta syottokanavien tukkeutumisen estamiseksi. 

TuldceutumisongeLmaa voitaisiin helpottaa yksinkertaisella tavalla varustamalla 
kiertolinja erotuslaitteella, kuten suodattimella, syklonalla tai sedimentaattorilla, jo- 
ka erottaisi sakan nesteesta ennen viimeksi mainittua kierratysta takaisin haihdutus- 
vaiheeseen. Tallainen ratkaisu olisi kuitenkin tilankaytbn ja kustannusten kannalta 
10 epaedullinen, minka lisaksi erottimen aiheuttama painehavio lisaa pumppaukseen 
tarvittavaa energian kayttoa. Mikali erotin on sijoitettu kiertopumpun imupuolella, 
voi painehavio aiheuttaa pumpun kavitointia. Lisaksi ongelmaksi jaisivat edelleen 
erottimen jalkeisen kierratysputkiston seinamista irtoavat kiintoainekset, jotka paa- 
tyisivat elementtien nesteenjakokanaviin. 

15 Edella mainittujen haittojen valttamiseksi sakan tms. kiintoaineksen erotus uuteen 
haihdutukseen kierratettavasta liuoksesta on keksinnon mukaan jarjestetty tapahtu- 
maan samassa yhteydessa, lorn neste jaetaan haihduttimen eri elementtien lammon- 
siirtopinnoille johtaviin syottovirtauksiin. Keksinnon mukaiselle menetelmalle on 
tunnusomaista se, etta kierratettava liuos syotetaan nesteenjakotilaan niin, etta liuok- 

20 sen mukana oleva sakka erottuu tilassa painonsa ja/tai liike-energiansa vaikutuksesta 
samalla kun liuoksen virtaus suuntautuu ylospain, etta sakka poistetaan tilan pohjas- 
ta alkavaan poistojohtoon ja etta liuos ohjataan tilasta elementtien lammonsiirtopin- 
noille johtaviin syottoyhteisiin. 

Keksinnon mukaisen hamduttimen, jolla edella kuvattu haihdutusmenetelma on to- 
25 teutettavissa, oleellisten tunnusmerkkien osalta viitataan oheisiin patenttivaatimuk- 
siin, erityisesti vaatimukseen 7. 

Keksinto soveltuu etenkin kalvohamduttirniin, joissa pussimaiset lammonvaihdin- 
elementit muodostuvat taipuisasta kalvomateriaalista, kuten muovikalvosta. Naissa 
sakkaa voi irrota lanimonsiirtopinnoilta paitsi pesun yhteydessa mybs ajon aikana, 
30 eli ne voivat olla itsepuhdistuvia, jolloin irronneen sakan poistaminen liuoskierrosta 
on valttamatonta. 

Keksinnon mukaisella sakan erotuksen kytkemisella lammonsiirtopinnoille menevan 
liuoksen syottoon saavutetaan se, etta paitsi lammonsiirtopinnoilta myos kierratys- 
putkistoista peraisin olevat kiintoainekset saadaan poistetuksi liuoksesta juuri ennen 



m 



F I 0 0 / 0 0 2 7 8 



tukkeutumisen kannalta kriittisinta syottovaihetta. Nain jarjestetty sakanerotus ei ole 
myoskaan hairitsemassa haihduttimen pesua, jossa suuria maaria irtoavaa sakkaa 
joutuu pesuvesiin, jotka poistetaan haihduttimen pohjalta. Tilankayton kannalta ja 
toiminnallisesti edullisinta on, jos nesteenjakotila sijaitsee haihduttimen vaipan sisa- 
5 puolella. 

Nesteenjakotila voi edullisesti olla muotoiltu pitkanomaiseksi putkeksi, jonka toinen 
paa on yhteydessa liuoksen kierratysjohtoon ja vastakkainen paa on varustettu sakan 
poistojohdolla. Lammonsiirtopinnoille johtavat syottoyhteet ovat tassa ratkaisussa 
edullisesti nesteenjakotilasta alkavia, viuhkamaisesti laajenevia jakosuulakkeita, 

10 joista kukin syottaa liuosta useampaan rinnakkaiseen, lammonvaihdinelementtien 
lammonsiirtopintojen valiseen rakoon, joissa hamtuminen tapahtuu. Ennen yhtymis- 
taan nesteenjakotilaan kierratysjohto muodostaa edullisesti ylhaalta alaspain tilaa 
kohti suunnatun kaaren, jolloin keskipakovoima saadaan painamaan sakkaa johdon 
kehalle ja sen jatkeena olevalle nesteenjakotilan pohjalle jo liuoksen tulovaiheessa. 

15 Sakka kulkeutuu sitten tilasta pohjavirtauksena lyhinta tieta poistojohtoon. 

Vaihtoehtoisesti nesteenjakotila voi muodostua pitkanomaisesta kaukalosta, joka 
voidaan varustaa rinnakkaisilla, viistoilla lamelleilla, joiden alapuolelle kierratettava 
liuos syotetaan ja joiden valitse liuos paasee virtaamaan ylospain. Liuoksen virtaus 
kiertyy tallbin lamellien valisiin, ylospain suuntautuviin virtauskanaviin samalla, 
20 kun sakka erottuu virtauksesta keskipakovoiman vaikutuksesta. Tama sakan liike- 
energiaan perustuva erotus on tehokasta varsinkin silloin, kun lamellit ovat kallistet- 
tuina vastavirtaan kierratysvirtauksen tulosuuntaan nahden. Mainittu liuoksen kierra- 
tysjohdon kaarevuus on eduksi my 6s tassa sovellutuksessa. 

Sakkapartikkelien liike-energian ohella tai asemesta sakan erotuksessa voidaan hyo- 
25 dyntaa painovoimaa jarjestamalla nesteenjakotilaan laminaarit virtausolosuhteet si- 
ten, etta tila siihen jarjestettyine viistoine lamelleineen toimii lamelliselkeyttimena. 
Partikkelien sedimentoitumista edesauttaa myos se, jos nesteenjakotilan pohja on 
kierratysvirtauksen tulosuunnassa viistosti alaspain viettava. 

Nesteenjakotila tai sen alaosa on edelleen edullista muotoilla siten, etta se suppenee 
30 kierratysvirtauksen tulosuunnassa kiilamaisesti tai kartiomaisesti kohti tilan kierra- 
tysjohtoon nahden vastakkaiselta puolelta alkavaa poistojohtoa. Nestevirtauksen no- 
peus voidaan talloin pitaa oleellisesti vakiona siten, etta tilassa aikaansaadaan tasai- 
nen ylospain suuntautuva virtaus ja nesteen tasainen jako eri lammonsiirtoelement- 
tien syottoyhteisiin. 
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Mainittujen viistojen lamellien asemesta kaukalomainen nesteenjakotila voidaan va- 
rustaa sen alempaan ja ylempaan osaan jakavalla valipohjalla, jossa on tarvittavat 
virtausaukot ylospain suunnattua nestevirtausta varten. Aukot voivat olla viistoja ja 
niita rajaavat seinamat enemman tai vahemman lamellimaisia sakan erottumisen te- 
hostamiseksi, tai valipohjassa voi olla virtauksen lapaisevia erotinelimia, kuten 
sykloneja tai viistoja tai kayristettyja putkia, jotka toimivat virtauskanavina. 

Nesteenjakotilasta poistojohtoon erottuva sakka voidaan johtaa selkeyttimeen, jossa 
sakka erotetaan sen mukana tulleesta nesteesta, jonka maara on yleensa n. 3-50 %, 
edullisesti 3-25 %, haihduttimessa kierratetyn virtauksen kokonaismaarasta, minka 
jalkeen neste voidaan palauttaa kierratysvirtaukseen. 

Keksintoa selostetaan seuraavassa yksityiskohtaisemmin esimerkkien avulla viittaa- 
malla oheisiin piirustuksiin, joissa 

kuvio 1 esittaa poikkileikkauksena erasta keksinnon mukaista haihdutinta kalvo- 
materiaalia olevine lammonsiirtoelementteineen ja nesteenkierratyskana- 
vistoineen, joihin on jarjestetty kiintoaineksen erotus, 

kuvio 2 esittaa haihduttimen nesteenjakokaukaloa leikkauksena II-II kuviosta 1, 

kuvio 3 esittaa kuviota 2 vastaavasti nesteenjakokaukaloa keksinnon eraan toisen 
sovellutusmuodon mukaisena, 

kuvio 4 on vaakaleikkaus IV-IV kuviosta 3, 

kuvio 5 esittaa nesteenjakokaukalon alaosaa ja valipohjaa sakanerotuselimineen 
keksinnon eraan kolmannen sovellutusmuodon mukaisesti, 

kuvio 6 esittaa erasta keksinnon viidetta sovellutusmuotoa, jossa putkimaiseen 
nesteenjakotilaan on kytketty rinnakkaisia jakosuulakkeita nesteen syotta- 
miseksi elementtien la^nmonsiirtopinnoille, ja 

kuvio 7 on leikkaus VII- VII kuvion 6 mukaisesta putkesta ja jakosuulakkeesta. 

Kuvion- 1 mukainen haihdutin 1 kasittaa lieriomaisen vaipan 2 seka sen sisaan sovi- 
tettuja rinnakkaisia, muovikalvoa olevia pussimaisia lammonsiirtoelementteja 3. 
Elementit 3 ovat haihduttimessa sidottuina pakaksi, joka voi koostua useista kym- 
menista elementeista. Elementtien ulkopinnoilla 4 eli toisiaan vasten sijaitsevien 
elementtien valeissa tapahtuu kasiteltavan liuoksen haihdutus lammolla, joka saa- 
daan samanaikaisesti elementtien sisalla lauhtuvasta hoyrysta. La^nmityshbyryna 
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voidaan kayttaa haihdutuksessa syntyvaa hoyrya, joka kierratetaan kompressorin 
kautta elementtien sisaan johtaviin hoyiynsyottokanaviin (ei esitetty). 

Kunkin pussimaisen lammonsiirtoelementin 3 ylapaassa on sopivasti muovista valet- 
tu lista 5, joka sisaltaa kanavistot 6 haihdutettavan nesteen syottamiseksi element- 
tien valisille kalvopinnoille valumaan niilla ylhaalta alaspain. Elementin 3 sisus on 
jaettu pystysuuntaisin, mutkittelevin saumoin 7 kanaviin, jotka ohjaavat lammitys- 
hoyryn ja siita syntyvan lauhteen virtausta kohti elementin alapaassa sijaitsevaa, ele- 
mentin sisapuolelle saumattua kiekkomaista lauhteenpoistoelinta 8. Vierekkaisten 
elementtien 3 pohjat 9 jaavat lauhteenpoistoelinten 8 molemmin puolin riittavasti ir- 
ralleen toisistaan paastaakseen haihdutuksen yhteydessa elementtien valeissa muo- 
dostuneen sakan tai haihdutettavan liuoksen mukana tulleen muun kiintoaineksen 
putoamaan haihduttimen pohjalle, johon myos haihtumatta jaanyt liuos 10 keraan- 
tyy. 

Koska kullakin haihdutuskerralla ainoastaan pieni osa haihdutettavasta liuoksesta 
muuttuu hoyryksi, kasittaa haihdutin 1 laitteet, joilla haihtumatta jaanyt liuos voi- 
daan toistuvasti kierrattaa takaisin elementtien kalvopinnoille 4 uutta haihdutusta 
varten. Ko. laitteet muodostuvat haihduttimen pohjalta alkavasta kierratysjohdosta 
11, johon yhtyy johto 12, josta uutta haihdutettavaa liuosta tuodaan haihdutuspro- 
sessiin, pumpusta 13, haihduttimen vaipan 2 sisapuolisesta nesteenjakokaukalosta 
14, kaukaloon sijoitetusta, ylivuotokynnyksena toimivasta patolevysta 15 seka jo 
mainituista elementtien ylapaiden nesteensyottokanavistoista 6. Nesteenjakokauka- 
lon 14 tehtavana on haihdutukseen syotettavan liuoksen mahdollisimman tasainen 
jakaminen eri elementteihin 3 kuuluvien kanavistojen 6 kesken. Liuoksen syotto ele- 
menttien kalvopinnoille 4 tapahtuu symmetrisesti elementtien kummallakin sivulla 
olevista nesteenjakokaukaloista 14, joista kuitenkin ainoastaan toinen on esitetty 
yksityiskohtaisesti kuviossa 1. 

Nesteenjakokaukalon 14, joka keksinnon mukaan toimii myos kierratetyn liuoksen 
mukana olevan sakan tms. kiintoaineksen erottimena, rakenne selviaa parhaiten ku- 
viosta 2. Kaukalo 14 on varustettu joukolla rinnakkaisia, viistoja lamelleja 16, jotka 
jakavat kaukalon alempaan ja ylempaan osaan 17, 18. Kuvion mukaisesti alaspain 
kaareva liuoksen tulojohto 11 liittyy kaukalon alempaan osaan 17, jonka pohja 19 
viettaa viistosti kohti kaukalon kierratysjohdon suuhun 20 nahden vastakkaiselta 
puolelta alkavaa sakan poistojohtoa 21. Rinnakkaiset lamellit 16 on kallistettu liuok- 
sen tulosuuntaa vastaan niin, etta virtauksen on kierryttava kuviossa 2 olevien nuol- 
ten mukaisesti yli 90° paastakseen lamellien valisiin, viistosti ylospain suuntautuviin 
virtauskanaviin 22. Naissa olosuhteissa aikaansaadaan liuoksen mukana tulevan 
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kiintoaineksen 23 erottuminen osaksi oman liike-energiansa, so. keskipakovoiman, 
ja osaksi painovoiman vaikutuksesta nestevirtauksesta ja sedimentoituminen kohti 
kaukalon pohjasta alkavaa poistojohtoa 21. Virtausnopeutta saatamalla virtaus pide- 
taan kaukalon alaosassa 17 ja lamellien 16 valeissa laminaarina ja riittavan hitaana, 
5 jolloin selkeyttimen tavoin toimivat lamellit 16 viime kadessa estavat kiintoainesta 
paasemasta ainakaan haitallisessa maarin kaukalon ylempaan osaan 18. Kaukalon 
ylaosassa patolevy 15 muuttaa syottokanaviin 6 menevan nestevirtauksen turbulen- 
tiksi, nulla edelleen vahennetaan tukkeutumien riskia kapeissa, lukuisiin haaroihin 
jakautuvissa syottokanavistoissa 6 (vrt. kuvio 1). 

10 Nesteenjakokaukalosta 14 poistetaan johtoon 21 sakan ohella nestetta, jonka maara 
voi vaihdella valilla 3-50 % kierratysjohtoa 11 myoten kaukaloon tulevasta virtauk- 
sesta. Sakan lopullinen erotus kiintoaineksesta tapahtuu kuvion 1 mukaan lamelli- 
selkeyttimessa 24, josta sakka poistetaan johtoon 25 ja neste palautetaan johdon 26 
kautta kiertovirtaukseen pumpun 13 imupuolelle. Sakan poisto voidaan suorittaa ai- 

15 ka ajoin suoritetulla huuhtelulla johtojen 21 ja 26 venttiilien ollessa suljettuina. 

Kuvioissa 3 ja 4 on esitetty haihduttimen nesteenjakokaukalo 14, joka eroaa kuvios- 
sa 2 esitetysta siina, etta kaukalo on tasapohjainen, mutta kiilamaisesti kierratys- 
johdon suulta 20 kaukalon vastakkaista sivua kohti kapeneva ja etta kaukalossa on 
viistojen lamellien asemesta valipohja 27, jossa on sakanerottimina toimivia, nes- 

20 teen lapivirtauksen sallivia kayristettyja putkikappaleita 28. Painovoima seka kaare- 
vassa tulojohdossa 1 1 vaikuttava keskipakovoima painavat sakkaa kohti kaaren ul- 
kokehaa ja kaukalon 14 pohjaa siten, etta paaosa sakasta kulkeutuu liike-energiansa 
vaikutuksesta suoraan poistojohtoon 21. Nestevirtaus ohjautuu mainittuihin sakan- 
erottimiin, joissa painovoima erottaa virtauksessa jaljella olevaa sakkaa, nestevir- 

25 tauksen jatkaessa erottimien ylapaissa olevista sivuttaisista aukoista 29 nesteenjako- 
kaukalon 14 ylempaan osaan 18. Kaukalon 14 kapenevalla muodolla on aikaansaatu 
se, etta virtausnopeus on kaikissa putkikappaleissa 28 oleellisesti sama. 

Kuviossa 5 esitetyssa nesteenjakokaukalon 14 sovellutuksessa kuvion 3 mukaiset 
kayristetyt putkikappaleet 28 on korvattu valipohjassa 27 lapivirtausaukkoja reunus- 
30 tavilla L-muotoisilla ulokkeilla 30. Muutoin kuvion 5 sovellutus vastaa edella esitet- 
tya. 

Kuvioissa 6 ja 7 on esitetty keksinnon sovellutus, jossa nesteenjakotilan 14 muodos- 
taa poikkileikkaukseltaan oleellisesti pyorea putki, joka on nesteen tulojohdon 11 
jatkeena. Putki 11 muodostaa kuvion 7 mukaisesti kaaren, jossa vaikuttava keski- 
35 pakovoima painaa nesteen sisaltamaa kiintoainesta kaaren ulkokehalle ja edelleen 
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nesteenjakotilan 14 pohjalle, josta kiintoaines paatyy poistojohtoon 21. Nesteenja- 
kotilaan 14 on liitetty rinnakkaisia jakosuulakkeita 31, jotka jakavat paaosin kiinto- 
aineksesta puhdistuneen nesteen rinnakkaisten lammonsiirtoelementtien 3 paatylis- 
tojen 5 sisaltamiin nestekanaviin 6. Nesteenjakotilan 14 sisaan ulottuvat jakosuulak- 
5 keiden 3 1 karjet 32 on viistetty kulmaan a, joka on sopivasti noin 10-35°, ja suulak- 
keet ovat muodoltaan viuhkamaisesti laajenevia niin, etta kukin niista syottaa nestet- 
ta useisiin vierekkaisiin elementteihin 3. Jakosuulakkeet 31 on edelleen varustettu 
sisapuolisin valiseinamin 33 nesteen tasaisen jakautumisen varmistamiseksi. 

Alan ammattimiehelle on selvaa, etta keksinnon erilaiset sovellutusmuodot eivat ra- 
10 joitu edella esimerkkeina esitettyyn vaan voivat vaihdella seuraavien patenttivaati- 
musten puitteissa. Keksinnon mukaista sakanerotusta voidaan siten soveltaa paitsi 
edella kuvatuissa kalvohaihduttimissa my 6s perinteisissa metallisia lammonsiirtoele- 
mentteja kasittavissa haihduttimissa. 
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Patenttivaatimukset 

1. Menetelma liuoksen haihduttamiseksi, jossa liuos levitetaan haihduttimen (1) 
rinnakkaisten, levymaisten lammonvaihdinelementtien (3) lammonsiirtopinnoille (4) 
valumaan niilla ylhaalta alaspain, liuoksen syoton tapahtuessa elementeille yhteises- 

5 ta nesteenjakotilasta (14), larnmtasiirtopinnoilla haihtumatta jaanyt liuos (10) ja 
haihdutuksen yhteydessa muodostunut sakka poistetaan haihduttimen alapaasta ja 
haihtumatta jaanyt liuos kierratetaan takaisin lammonsiirtopinnoille niilla tapahtu- 
vaa uutta haihdutusta varten, tunnettu siita, etta kierratettava liuos syotetaan nes- 
teenjakotilaan (14) niin, etta liuoksen mukana oleva sakka (23) erottuu tilassa pai- 
10 nonsa ja/tai liike-energiansa vaikutuksesta samalla kun liuoksen virtaus suuntautuu 
ylospain, etta sakka poistetaan tilan pohjasta alkavaan poistojohtoon (21) ja etta 
liuos ohjataan tilasta elementtien lammonsiirtopinnoille (4) johtaviin syottoyhteisiin 
(6,31). 

2. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, etta kierratettava 
15 liuos syotetaan nesteenjakotilaan (14) ylhaalta alaspain kohti tilan sivua tai paatya 

kaartuvana virtauksena (1 1). 

3. Patenttivaatimuksen 1 tai 2 mukainen menetelma, tunnettu siita, etta kierratet- 
tava liuos syotetaan kapeaan, pitkanomaiseen nesteenjakotilaan (14) sen toisesta 
paasta ja etta sakka poistetaan poistojohtoon (21) tilan vastakkaisesta paasta. 

20 4. Jonkin edellisen patenttivaatimuksen mukainen menetelma, tunnettu siita, etta 
kierratettava liuos syotetaan nesteenjakotilassa (14) olevien rinnakkaisten lamellien 
(16) tai virtausaukoilla (28-30) varustetun valipohjan (27) alapuolelle, jolloin liuok- 
sen virtaus kiertyy kohti valipohjan virtausaukkoja tai lamellien valisia virtauskana- 
via (22) sakan (23) erottuessa virtauksesta keskipakovoiman vaikutuksesta. 

25 5. Jonkin edellisen patenttivaatimuksen mukainen menetelma, tunnettu siita, etta 
sakka johdetaan poistojohtoa (21) myoten seikeyttimeen (25), jossa sakka erotetaan 
sen mukana olevasta nestefaasista, minka jalkeen nestefaasi yhdistetaan haihdutti- 
messa tapahtuvaan liuoksen lderratysvirtaukseen. 

6. Jonkin edellisen patenttivaatimuksen mukainen menetelma, tunnettu siita, etta 
30 haihdutin on taipuisaa kalvomateriaalia, kuten muovikalvoa, olevista lammonvaih- 

dinelementeista (3) muodostuva kalvohaihdutin. 

7. Haihdutin (1), joka kasittaa vaipan (2), vaipan sisaan sovitettuja rinnakkaisia 
levymaisia lammonvaihdinelementteja (3), joiden lammonsiirtopinnoilla (4) haihdu- 
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tettava liuos on jarjestetty valumaan ylhaalta alaspain, nesteenjakotilan (14), josta 
haihdutettava liuos on syottoyhteiden (6, 31) kautta levitettavissa rinnakkaisille lam- 
monsiirtopinnoille niiden ylapaissa, elimet haihtumatta jaaneen liuoksen (10) ja 
haihdutuksen yhteydessa muodostuneen sakan poistamiseksi haihduttimen alapaasta 
seka johdon (11) haihtumatta jaaneen liuoksen kierrattamiseksi takaisin elementtien 
lammonsiirtopinnoille nulla tapahtuvaa uutta haihdutusta varten, tunnettu siita, etta 
nesteenjakotila (14) on muodostettu lisaksi sakanerottimeksi jarjestamalla kierratys- 
johto (1 1) syottamaan liuoksen tilaan sen sivulta tai paadysta ja varustamalla tila sen 
pohjasta alkavalla poistojohdolla (21), jolloin kierratysvirtauksessa oleva sakka (23) 
erottuu nesteenjakotilassa painonsa ja/tai liike-energiansa vaikutuksesta paatyen 
poistojohtoon samalla kun kierratetyn liuoksen virtaus suuntautuu ylospain kohti 
elementtien (3) lammonsiirtopinnoille (4) johtavia sydttoyhteita (6, 31). 

8. Patenttivaatimuksen 7 mukainen haihdutin, tunnettu siita, etta se on taipuisaa 
kalvomateriaalia, kuten muovikalvoa, olevista lammonvaihdinelementeista (3) muo- 
dostuva kalvohaihdutin. 

9. Patenttivaatimuksen 7 tai 8 mukainen haihdutin, tunnettu siita, etta nesteen- 
jakotila (14) sijaitsee haihduttimen vaipan (2) sisapuolella. 

10. Jonkin patenttivaatimuksen 7-9 mukainen haihdutin, tunnettu siita, etta kierra- 
tysjohto (11) liittyy pitkanomaisen nesteenjakotilan (14) toiseen paahan ja etta sakan 
poistojohto (21) alkaa nesteenjakotilan vastakkaisesta paasta. 

11. Jonkin patenttivaatimuksen 7-10 mukainen haihdutin, tunnettu siita, etta kier- 
ratysjohto (11) liittyy ylhaalta alaspain kaartuen nesteenjakotilaan (14). 

12. Jonkin patenttivaatimuksen 7-11 mukainen haihdutin, tunnettu siita, etta nes- 
teenjakotilan (14) pohja on viistosti alaspain poistojohtoa (21) kohti viettava. 

13. Jonkin patenttivaatimuksen 7-12 mukainen haihdutin, tunnettu siita, etta nes- 
teenjakotila (14) on kiilamaisesti tai kartiomaisesti poistojohtoa (21) kohti suppene- 
va. 

14. Jonkin patenttivaatimuksen 7-13 mukainen haihdutin, tunnettu siita, etta syot- 
toyhteet kasittavat nesteenjakotilasta (14) alkavia, viuhkamaisesti laajenevia jako- 
suulakkeita (31), joista kukin syottaa liuosta useampaan rinnakkaiseen, lammbn- 
vaihdinelementtien (3) lammonsiirtopintojen (4) valiseen rakoon, joissa haihtuminen 
tapahtuu. 
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15. Jonkin patenttivaatimuksista 7-14 mukainen haihdutin, tunnettu siita, etta kau- 
kalomainen nesteenjakotila (14) on varustettu rinnakkaisilla viistoilla lamelleilla 
(16), joiden valitse liuos paasee virtaamaan ylospain. 

16. Jonkin patenttivaatimuksista 7-14 mukainen haihdutin, tunnettu siita, etta kau- 
kalomaisessa nesteenjakotilassa (14) on sen alempaan ja ylempaan osaan (17, 18) 
jakava valipohja (27), etta kierratysjohto (11) liittyy sivusuuntaisesti nesteenjako- 
tilan alempaan osaan (17) ja etta valipohjassa on virtausaukkoja, joista liuos paasee 
virtaamaan tilan ylempaan osaan (18) samalla kun sakka (23) paatyy tilan pohjasta 
alkavaan poistojohtoon (21). 

17. Patenttivaatimuksen 16 mukainen haihdutin, tunnettu siita, etta valipohjan 
(27) aukkojen muodostamat virtaustiet on kallistettu vastavirtaan kierratysvirtauksen 
tulosuuntaan nahden. 

18. Jonkin patenttivaatimuksen 15-17 mukainen haihdutin, tunnettu siita, etta 
kaukalomainen nesteenjakotila (14) on varustettu patolevylla (15), jonka yli liuos 
virtaa rinnakkaisten lammonvaihdinelementtien syottoyhteisiin (6) ylivuotona. 

19. Jonkin patenttivaatimuksista 7-18 mukainen haihdutin, tunnettu siita, etta 
poistojohto (21) johtaa selkeyttimeen (24), joka erottaa sakan sen mukana olevasta 
nestefaasista, ja etta selkeytin on kytketty johdolla (26) kierratysjohtoon (1 1) erottu- 
neen nestefaasin yhdistamiseksi haihduttimessa tapahtuvaan kieiTatysvirtaukseen. 
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(57) Tiivistelma 

Keksinto koskee menetelmaa liuoksen haihduttamiseksi seka siihen soveltuvaa 
haihdutinta. Haihdutin (1) kasittaa vaipan (2) sisaan sovitettuja rinnakkaisia, levy- 
maisia lammonvaihdinelementteja (3), jotka voivat muodostua taipuisasta muovikal- 
vosta, seka elementeille yhteisen nesteenjakotilan (14), josta haihdutettava liuos on 
sydttokanavien (6) kautta levitettavissa elementtien lammonsiirtopinnoille (4) valu- 
maan niilla ylhaalta alaspain. Pinnoilla haihtumatta jaanyt liuos (10) kierratetaan 
haihduttimen pohjalta takaisin nesteenjakotilaan ja siita elementtien lammonsiirto- 
pinnoille (4) uutta haihdutuskertaa varten. Haihdutuksen yhteydessa liuoksesta 
erottuu ylikyllastymisen sexirauksena sakkaa, joka paatyy liuoksen mukana kierra- 
tysvirtaukseen ja joka keksinnon mukaan erotetaan liuoksesta sakanerottimena toi- 
mivassa nesteenjakotilassa (14). Kierratysvirtaus syotetaan tilaan (14) siten, etta 
mukana oleva sakka erottuu painonsa ja/tai liike-energiansa vaikutuksesta samalla, 
kun liuoksen virtaus suuntautuu ylospain ja paatyy elementtien lammonsiirtopinnoil- 
le (4) johtaviin syottokanaviin (6). Tila (14) voi muodostua pitkanomaisesta putkes- 
ta, jonka paahan virtaus syotetaan alaspain kaartuvasta kierratysjohdosta, tai tilan 
voi muodostaa kaukalo, joka on varustettu sakkaa erottavilla lamelleilla (16) tai 
reiallisella valipohjalla. 
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I. With regard to the elements of the international application:* 
| | the international application as originally filed 
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pages 1-8 

pages 

pages 



, as originally filed 
, filed with the demand 
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2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language English which is: 

| [ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
the language of publication of the international application (under Rule 48.3(b)). 



I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
1 1 or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

j | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

j j furnished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
— international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 
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| | the description, pages 
I 1 the claims, Nos. 
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the drawings, sheet/fig 
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V. Reasoned statement under Article 36(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I. Statement 

Novelty (N) 



Claims 
Claims 



1-17 



YES 
NO 



Inventive step (IS) 



Claims 
Claims 



1-17 



YES 
NO 



Industrial applicability (IA) 



Claims 
Claims 



1-1 7 



YES 
NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a method for evaporating a 
solution, as well as an evaporator for use in the method. 

In evaporators, where a portion of treated solution or 
suspension that has not evaporated is recycled back onto heat 
transmission surfaces to achieve a sufficient degree of 
evaporation, there is a problem. Solid matter, falling from 
between elements onto the bottom of the evaporator, gets into 
the liquid circulation flow. This can result in the possible 
blockage of the narrow liquid distribution channels at the 
upper ends of the elements, from where liquid is fed onto the 
surfaces of the elements. As the efficiency of evaporation is 
crucially dependent on an even spreading of liquid onto the 
heat transmission surfaces of the elements, the precipitate 
and other solid matter must be removed from the circulation 
flow in order to prevent blockages in the feeding channels. 

This objective is achieved in that the solution is fed from a 
liquid distribution space. The liquid to be recycled is fed to 
the distribution space so that the precipitate in the solution 
is separated in the space under the effect of its weight 
and/or its kinetic energy. At the same time, the flow of the 
solution is directed upwards, and the precipitate is removed 
into an exhaust pipe. 

A flow evaporator header is described in US-A-3 724 522 (fig. 
1,2 & column 2, line 46-column 3, line 13). A desalinisation 
system comprises a tank (10) containing therein a vertically 
oriented falling film evaporator panel (12) with an overflow 
header (14) mounted on the top thereof. Sea water is drawn 
into the tank (10) through an input pipe (16) . A brine pump 
(27) drains the brine solution from the bottom of the tank 

.../... 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 
Continuation of: V . 

(10) to the overflow header (14) . The header (14) is 
specifically constructed to discharge the brine solution in 
uniform volumetric flow per unit area out of the upper surface 
of the overflow header (14). A film of brine solution is 
evenly distributed and flows downwardly over the vertical 
exterior surfaces of the evaporator panel (12) . This falling 
film of brine solution is heated by the high temperature steam 
within the evaporator panel (12) , and boils off produced 
steam, which is then drawn off by the steam compressor (22) . 

A header duct (38) has an open upper edge portion (54) upon 
which there is carried a. fluid exit port (56) (column 2, lines 
4-23) . 

The velocity of the fluid in the boundary layer adjacent the 
interior surface of a lower wall (52) at a second end (42) of 
the header duct (38) is maintained. Fluid stagnation in this 
region is prevented and the consequent settling out of salts 
and other solid materials within the header duct is achieved 
(38) (column 4, lines 38-54). 

This document is cited in the International Search Report as a 
document of particular relevance and is now considered to show 
the closest background art. The reason for this re-evaluation 
is that the method for evaporating according to amended claim 
1 of October 25, 2000 differs from the evaporator according to 
the document in that the precipitate is separated under the 
combined effect of gravity and centrifugal forces. 

The method for evaporating according to claim 1 is considered 
to give rise to an unexpected technical effect, i.e. removing 
the solid matter originating not only from the heat 
transmission surfaces but also the recycling tube systems. 
Thus, this claim is not considered to be obvious for a person 
skilled in the art. 

The essential technical features of independent claim 6 are 
similar to those in claim 1. Thus, this claim is novel and 
considered to have an inventive step. 

In accordance with the arguments stated above, the invention 
in claims 1-17 is novel, is considered to involve an inventive 
step and has industrial applicability. 
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1. A method of evaporating a solution, comprising feeding the solution to heat 
transmission surfaces (4) of parallel plate-formed heat exchanger elements (3) of an 
evaporator (1), from supply units (6, 31) spreading the solution to the top of said 

5 surfaces to flow downwards, removing the part of the solution ( 1 0) remaining from 
the evaporation and precipitate formed in connection with the evaporation from the 
lower end of the evaporator, and recycling said remaining part of the solution (10) 
back to the heat transmission surfaces (4) for re-evaporation, said recycling 
comprising conducting the solution to a liquid distribution space (14) common to 

10 said heat exchanger elements (3), separating the precipitate (23) from the solution in 
said distribution space, the solution forming an upward flow in the distribution 
space, and passing the solution to said supply units (6, 3 1) for being spread onto the 
heat transmission surfaces (4), characterized in that the recycled solution is fed to 
the liquid distribution space (14) from a downwardly curved conduit (11) as a 

15 curved flow, to separate the precipitate (23) under the combined effect of gravity 
and centrifugal force, and the precipitate as separated is discharged to an exhaust 
pipe (21) from the bottom of the liquid distribution space. 

2. A method according to Claim 1, characterized in that the solution to be 
20 recycled is fed into a narrow, elongated liquid distribution space (14) from its one 

end, and that the precipitate is removed into an exhaust pipe (21) from the opposite 
end of the space. 

3. A method according to any of the preceding Claims, characterized in that the 
solution to be recycled is fed underneath parallel lamellas (16) or an intermediate 

25 bottom (27) provided with ports (28-30), which are located in the liquid distribution 
space (14), so that the flow of the solution winds towards the ports of the 
intermediate bottom or the flow channels (22) between the lamellas, and the 
precipitate (23) is separated from the flow under the effect of centrifugal force. 

4. A method according to any of the preceding Claims, characterized in that the 
30 precipitate is lead through an exhaust pipe (21) to a settling apparatus (25), where 

the precipitate is separated from the liquid phase that comes with it, after which the 
liquid phase is connected to the recirculation flow of the solution that takes place in 
the evaporator. 
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5. A method according to any of the preceding Claims, characterized in that the 
evaporator is a film evaporator consisting of heat exchanger elements (3) made of 
flexible film material, such as plastic film. 

6. An evaporator (1) comprising a jacket (2), parallel upright plate heat exchanger 
5 elements (3) fitted inside the jacket, said elements having upright heat transmission 

surfaces (4), supply units (6, 31) for spreading a solution to be evaporated to the top 
of said heat transmission surfaces to flow downwards on said surfaces, a liquid 
distribution space (14) common to said heat exchanger elements for feeding the 
solution to said supply units, means for removing the part of the solution (10) 

10 remaining from the evaporation and precipitate formed in connection with the 
evaporation from the lower end of the evaporator and for recycling said remaining 
part of the solution (10) back to the heat transmission surfaces (4) for re- 
evaporation, said recycling means comprising a conduit (11) connecting said lower 
end of the evaporator with said liquid distribution space (14), said space having 

15 means for separating the precipitate (23) from the solution being recycled, 
characterized in that said conduit (11) for recycling the solution forms a downward 
curve connected to the liquid distribution space (14), to feed the solution to said 
space as a curved flow and to separate the precipitate (23) under the combined 
effect of gravity and centrifugal force, and that an exhaust pipe (21) for discharging 

20 the precipitate as separated starts from the bottom of the liquid distribution space. 

7. An evaporator according to Claim 6, characterized in being a film evaporator 
consisting of heat exchanger elements (3) made of flexible film material, such as 
plastic film. 

25 8. An evaporator according to Claim 6 or 7, characterized in that the liquid 
distribution space (14) is located inside the evaporator jacket (2). 

9. An evaporator according to any of Claims 6 to 8, characterized in that the 
recirculation line (11) is attached to one end of the elongated liquid distribution 
space (14), and that the exhaust pipe (21) for the precipitate starts from the opposite 

30 end of the liquid distribution space. 

10. An evaporator according to any of Claims 6 to 9, characterized in that the 
bottom of the liquid distribution space (14) is slanted downwards towards the 
exhaust pipe (21). 
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1 1. An evaporator according to any of Claims 6 to 10, characterized in that the 
liquid distribution space (14) converges in a sphenoid or conic form towards the 
exhaust pipe (21). 

12. An evaporator according to any of Claims 6 to 11, characterized in that the 
5 supply units comprise distributive nozzles (31) that start from the liquid distribution 

space (14) and spread out like fans, each one of them feeding solution to several 
parallel gaps between the heat transmission surfaces (4) of the heat exchanger 
elements (3), evaporation taking place in the gaps. 

13. An evaporator according to any of Claims 6 to 12, characterized in that the 
10 trough-like liquid distribution space (14) is provided with parallel, slanting lamellas 

(16), between which the solution is allowed to flow upwards. 

14. An evaporator according to any of Claims 6 to 12, characterized in that the 
trough-like liquid distribution space (14) comprises an intermediate bottom (27) that 
divides it into a lower and upper part (17, 18), that the recirculation line (11) is 

15 attached, in the lateral direction, to the lower part (17) of the liquid distribution 
space, and that the intermediate bottom comprises ports, through which the solution 
is allowed to flow to the upper part (18) of the space at the same time as the 
precipitate (23) ends up in the exhaust pipe (21) that starts from the bottom of the 
space. 

20 15. An evaporator according to Claim 14, characterized in that the flow routes 
formed by the openings in the intermediate bottom (27) are slanted upstream with 
regard to the incoming direction of the recirculation flow. 

16. An evaporator according to any of Claims 13 to 15, characterized in that the 
trough-like liquid distribution space (14) is provided with a dam plate (15), over 

25 which the solution flows as an overflow to the supply units (6) of the parallel heat 
exchanger elements. 

17. An evaporator according to any of Claims 6 to 16, characterized in that the 
exhaust pipe (21) leads to a settling apparatus (24), which separates the precipitate 
from the liquid phase that comes with it, and that the settling apparatus is 

30 connected, by using a line (26). to the recirculation line (11) in order to join the 
separated liquid phase to the recirculation flow in the evaporator. 
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I. Basis of the report 



1. With regard to the elements of the international application:* 
[ | the international application as originally filed 

the description: 

Pages 1-8 

pages 



, as originally filed 



filed with the demand 



filed with the letter of 



[ | the claims: 
pages 

pages 

pages 9-11 



, as originally filed 

as amended (together with any statement) under article 19 

, filed with the demand 



, filed with the letter of 



the drawings: 
pages 1-4 
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, as originally filed 



filed with the demand 



filed with the letter of 



I I the sequence listing part of the description: 

pages 

Pages 

pages 



as originally filed 



filed with the demand 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language English which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
[X] the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
1 1 or 55.3V 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

j | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international aooli cation as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished, 

4. | | The amendments have resulted in the cancellation of: 

| 1 the description, pages 

I 1 the claims, Nos. 

I | the drawings, sheet/fig 



. I | This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
* I — I beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are annexed to this report since they do not contain amendments (Rules 70. 1 6 

and 70. 17). 

* Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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* V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
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1 . Statement 

Novelty (N) Claims 1-17 YES 

Claims NO 

Inventive step (IS) Claims 1-17 YES 

Claims NO 

Industrial applicability (IA) Claims 1-17 YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a method for evaporating a 
solution, as well as an evaporator for use in the method. 

In evaporators, where a portion of treated solution or 
suspension that has not evaporated is recycled back onto heat 
transmission surfaces to achieve a sufficient degree of 
evaporation, there is a problem. Solid matter, falling from 
between elements onto the bottom of the evaporator, gets into 
the liquid circulation flow. This can result in the possible 
blockage of the narrow liquid distribution channels at the 
upper ends of the elements, from where liquid is fed onto the 
surfaces of the elements. As the efficiency of evaporation is 
crucially dependent on an even spreading of liquid onto the 
heat transmission surfaces of the elements, the precipitate 
and other solid matter must be removed from the circulation 
flow in order to prevent blockages in the feeding channels. 

This objective is achieved in that the solution is fed from a 
liquid distribution space. The liquid to be recycled is fed to 
the distribution space so that the precipitate in the solution 
is separated in the space under the effect of its weight 
and/or its kinetic energy. At the same time, the flow of the 
solution is directed upwards, and the precipitate is removed 
into an exhaust pipe. 

A flow evaporator header is described in US-A-3 724 522 (fig. 
1,2 & column 2, line 46-column 3, line 13). A desalinisation 
system comprises a tank (10) containing therein a vertically 
oriented falling film evaporator panel (12) with an overflow 
header (14) mounted on the top thereof. Sea water is drawn 
into the tank (10) through an input pipe (16). A brine pump 
(27) drains the brine solution from the bottom of the tank 

.../... 
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(10) to the overflow header (14). The header (14) is 
specifically constructed to discharge the brine solution in 
uniform volumetric flow per unit area out of the upper surface 
of the overflow header (14) . A film of brine solution is 
evenly distributed and flows downwardly over the vertical 
exterior surfaces of the evaporator panel (12). This falling 
film of brine solution is heated by the high temperature steam 
within the evaporator panel (12), and boils off produced 
steam, which is then drawn off by the steam compressor (22) . 

A header duct (38) has an open upper edge portion (54) upon 
which there is carried a fluid exit port (56) (column 2, lines 
4-23) . 

The velocity of the fluid in the boundary layer adjacent the 
interior surface of a lower wall (52) at a second end (42) of 
the header duct (38) is maintained. Fluid stagnation in this 
region is prevented and the consequent settling out of salts 
and other solid materials within the header duct is achieved 
(38) (column 4, lines 38-54). 

This document is cited in the International Search Report as a 
document of particular relevance and is now considered to show 
the closest background art. The reason for this re-evaluation 
is that the method for evaporating according to amended claim 
1 of October 25, 2000 differs from the evaporator according to 
the document in that the precipitate is separated under the 
combined effect of gravity and centrifugal forces. 

The method for evaporating according to claim 1 is considered 
to give rise to an unexpected technical effect, i.e. removing 
the solid matter originating not only from the heat 
transmission surfaces but also the recycling tube systems. 
Thus, this claim is not considered to be obvious for a person 
skilled in the art. 

The essential technical features of independent claim 6 are 
similar to those in claim 1. Thus, this claim is novel and 
considered to have an inventive step. 

In accordance with the arguments stated above, the invention 
in claims 1-17 is novel, is considered to involve an inventive 
step and has industrial applicability. 
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Claims 

1. A method for evaporating a solution, comprising the spreading of the solution 
on the heat transmission surfaces (4) of the parallel, plate heat exchanger elements 
(3) of an evaporator (1) to run from the top downwards, the solution being fed from 

5 a liquid distribution space (14) common to the elements, the solution (10) that 
remains on the heat transmission surfaces without evaporating and the precipitate 
that is formed in connection with evaporation are removed from the lower end of 
the evaporator, and the solution that has not evaporated is recycled back to the heat 
transmission surfaces for re-evaporation, characterized in that the solution to be 

10 recycled is fed to the liquid distribution space (14) so that the precipitate (23) in the 
solution is separated in the space under the effect of its weight and/or its kinetic 
energy at the same time as the flow of the solution is directed upwards, that the 
precipitate is removed into an exhaust pipe (2 1) that begins from the bottom of the 
space, and that the solution is directed from the space to the supply units (6, 3 1) that 

15 lead to the heat transmission surfaces (4) of the elements. 

2. A method according to Claim 1, characterized in that the solution to be 
recycled is fed to the liquid distribution space (14) from the top downwards in the 
form of a flow (11) that curves towards the side or the end of the space. 

3. A method according to Claim 1 or 2, characterized in that the solution to be 
20 recycled is fed into a narrow, elongated liquid distribution space (14) from its one 

end, and that the precipitate is removed into an exhaust pipe (21) from the opposite 
end of the space. 

4. A method according to any of the preceding Claims, characterized in that the 
solution to be recycled is fed underneath parallel lamellas (16) or an intermediate 

25 bottom (27) provided with ports (28-30), which are located in the liquid distribution 
space (14), so that the flow of the solution winds towards the ports of the 
intermediate bottom or the flow channels (22) between the lamellas, and the 
precipitate (23) is separated from the flow under the effect of centrifugal force. 

5. A method according to any of the preceding Claims, characterized in that the 
30 precipitate is lead through an exhaust pipe (21) to a settling apparatus (25), where 

the precipitate is separated from the liquid phase that comes with it, after which the 
liquid phase is connected to the recirculation flow of the solution that takes place in 
the evaporator. 
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6. A method according to any of the preceding Claims, characterized in that the 
evaporator a film evaporator consisting of heat exchanger elements (3) made of 
flexible film material, such as plastic film. 

7. An evaporator (1) comprising a jacket (2), parallel plate heat exchanger 
5 elements (3) fitted inside the jacket, the solution to be evaporated being arranged to 

run on the heat transmission surfaces (4) of the elements from the top downwards, a 
liquid distribution space (14), from where the solution to be evaporated can be 
spread, through supply units (6, 3 1), on the parallel heat transmission surfaces from 
their upper ends, members for removing the solution (10) that has not evaporated 

10 and the precipitate, which has generated in connection with evaporation, from the 
lower end of the evaporator, and a line (11) for recycling the solution that has not 
evaporated back to heat transmission surfaces of the elements for re-evaporation, 
characterized in that the liquid distribution space (14) also constitutes a separator 
of precipitate, where the recirculation line (11) feeds the solution into the space 

15 through its side or face, and the space is provided with an exhaust pipe (21) that 
starts from its bottom, so that the precipitate (23) in the recycled flow is separated in 
the liquid distribution space under the effect of its weight and/or kinetic energy, 
ending up in the exhaust pipe at the same time as the flow of recycled solution is 
directed upwards towards the supply units (6, 31) leading to the heat transmission 

20 surfaces (4) of the elements (3). 

8. An evaporator according to Claim 7, characterized in being a film evaporator 
consisting of heat exchanger elements (3) made of flexible film material, such as 
plastic film. 

9. An evaporator according to Claim 7 or 8, characterized in that the liquid 
25 distribution space (14) is located inside the evaporator jacket (2). 

10. An evaporator according to any of Claims 7 to 9, characterized in that the 
recirculation line (11) is attached to one end of the elongated liquid distribution 
space (14), and that the exhaust pipe (21) for the precipitate starts from the opposite 
end of the liquid distribution space. 

30 11. An evaporator according to any of Claims 7 to 10, characterized in that the 
recirculation line (11) is attached to the liquid distribution space (14) so that it 
curves from the top downwards. 
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12. An evaporator according to any of Claims 7 to 11, characterized in that the 
bottom of the liquid distribution space (14) is slanted downwards towards the 
exhaust pipe (21). 

13. An evaporator according to any of Claims 7 to 12, characterized in that the 
5 liquid distribution space (14) converges in a sphenoid or conic form towards the 

exhaust pipe (21). 

14. An evaporator according to any of Claims 7 to 13, characterized in that the 
supply units comprise distributive nozzles (3 1) that start from the liquid distribution 
space (14) and spread out like fans, each one of them feeding solution to several 

10 parallel gaps between the heat transmission surfaces (4) of the heat exchanger 
elements (3), evaporation taking place in the gaps. 

15. An evaporator according to any of Claims 7 to 14, characterized in that the 
trough-like liquid distribution space (14) is provided with parallel, slanting lamellas 
(16), between which the solution is allowed to flow upwards. 

15 16. An evaporator according to any of Claims 7 to 14, characterized in that the 
trough-like liquid distribution space (14) comprises an intermediate bottom (27) that 
divides it into a lower and upper part (17, 18), that the recirculation line (11) is 
attached, in the lateral direction, to the lower part (17) of the liquid distribution 
space, and that the intermediate bottom comprises ports, through which the solution 

20 is allowed to flow to the upper part (18) of the space at the same time as the 
precipitate (23) ends up in the exhaust pipe (21) that starts from the bottom of the 
space. 

17. An evaporator according to Claim 16, characterized in that the flow routes 
formed by the openings in the intermediate bottom (27) are slanted upstream with 

25 regard to the mcoming direction of the recirculation flow. 

18. An evaporator according to any of Claims 15 to 17, characterized in that the 
trough-like liquid distribution space (14) is provided with a dam plate (15), over 
which the solution flows as an overflow to the supply units (6) of the parallel heat 
exchanger elements. 

30 19. An evaporator according to any of Claims 7 to 18, characterized in that the 
exhaust pipe (21) leads to a settling apparatus (24), which separates the precipitate 
from the liquid phase that comes with it, and that the settling apparatus is 
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connected, by using a line (26), to the recirculation line (11) in order to join the 
separated liquid phase to the recirculation flow in the evaporator. 



4 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(51) International Patent Classification 7 
B01D 1/22 



Al 



(11) International Publication Number: WO 00/59598 

(43) International Publication Date; 12 October 2000 (12.10.00) 



(21) International Application Number: PCT/FI 00/0027 8 

(22) International Filing Date: 31 March 2000 (31.03.00) 



(30) Priority Data: 

990735 



1 April 1999 (01.04.99) 



FI 



(71) Applicant (for all designated States except US): HADWACO 

LTD OY [FI/FI]; Hameentie 1 35, FIN-00560 Helsinki (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RAM M-S CHM IDT, Leif 
[FI/FI]; Drusibackantie 12, FIN-02400 Kirkkonummi (FI). 
MYREEN, Karl [FI/FI]; Kimaratie 8 D, FIN-01680 Vantaa 
(FI). LAAJANIEMI, Matti [FI/FI]; Martinkylantie 5 A 2, 
FIN-01670 Vantaa (FI). 

(74) Agent: BERGGREN OY AB; P.O. Box 16, FIN-00101 
Helsinki (FI). 



(81) Designated States: AE, AG, AL, AM, AT, AU. AZ, BA, BB, 
BG, BR, BY, CA, CH, CN, CR. CU, CZ, DE, DK, DM, 
DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU. 
LV, MA, MD, MG, MK. MN, MW, MX, NO, NZ, PL. PT. 
RO, RU, SD, SE, SG, SI, SK. SL, TJ, TM, TR, TT, TZ, 
UA, UG, US, UZ, VN. YU, ZA, ZW, ARIPO patent (GH, 
GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR. 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW. ML. MR, NE, SN. TD, TG). 



Published 

With international search report. 

In English translation (filed in Finnish). 



(54) Title: A PROCESS FOR EVAPORATING A SOLUTION AND AN EVAPORATOR FOR USE IN THE PROCESS 
(57) Abstract 



The invention relates to a method for evaporating a 
solution and an evaporator applied to it. The evaporator 
(1) comprises parallel plate heat exchanger elements (3) 
fitted inside a jacket (2), consisting of a flexible plastic 
film, for example, and a liquid distribution space (4) 
common to the elements, from where the solution to be 
evaporated can be spread, through supply channels (6), 
on the heat transmission surfaces (4) of the elements to 
run from the top downwards. The solution (10) that 
has not evaporated on the surfaces is recycled from the 
bottom of the evaporator back to the liquid distribution 
space, and from there to the heat transmission surfaces (4) 
of the elements for re-evaporation. In connection with 
evaporation, precipitate is separated from the solution as 
a result of over-saturation, ending up in the recirculation 
flow with the solution and, according to the invention, 
being separated from the solution in the liquid distribution 
space (14) that works as a separator for the precipitate. 
The recirculation flow is fed into the space (14) so that 
the precipitate in it is separated under the effect of its 
weight and/or kinetic energy, while the flow of the solution 
is directed upwards, ending up in the supply channels 
(6) leading to the heat transmission surfaces (4) of the 
elements. The space ( 1 4) can consist of an elongated duct, 
the flow being fed to its end from a downward curving 
recirculation line, or the space can consist of a trough, 
which is provided with lamellas (16) or a perforated 
intermediate bottom, which separate the precipitate. 
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A process for evaporating a solution and an evaporator for use in the process 

The object of the invention is a method for evaporating a solution, comprising the 
spreading of the solution on the heat transmission surfaces of the parallel, plate heat 

5 exchanger elements of an evaporator to run from the top downwards, the solution 
being fed from a liquid distribution space common to both elements; the solution 
that remains on the heat transmission surfaces without evaporating and the 
precipitate that is formed in connection with evaporation are removed from the 
lower end of the evaporator, and the solution that has not evaporated is recycled 

10 back to the heat transmission surfaces for re-evaporation. Furthermore, the 
invention is directed at the evaporator used in the said method. 

The publications FI 79948 and 86961 describe heat exchangers made of bag-like 
heat transmission elements consisting of film material, such as plastic, which are 
suitable, among others, for distillation and for concentrating various suspensions. In 
15 the heat exchanger, the elements are tied against one another to form a pack, in 
which water is lead to the outer surfaces of the elements to be evaporated, and then 
the evaporated steam is compressed to a higher pressure and temperature by a 
compressor and conducted inside the elements to constitute heating steam, which in 
the heat transmission is condensed back into water. 

20 The degree of saturation of the components dissolved in the concentration of 
solutions by evaporation grows, and when the saturation point is exceeded, 
precipitation results. As examples, we could mention the calcium oxalate 
precipitated from the bleaching effluents of chemical pulp, the calcium carbonate, 
calcium sulphate, and calcium silicate, as well as possible iron compounds 

25 precipitated from subsoil waters, the denaturised proteins precipitated from the 
waster water of the food industry, and salts such as gypsum and iron salts or 
hydroxides precipitated from mineral-bearing waste water. In the heat exchangers 
according to the publications mentioned above, the precipitate formed on the film 
surfaces, as well as the solid matter contained by the suspensions that are treated, 

30 are easily accumulated into the form of a cake between the bag-like elements, 
impeding heat transmission and the flow of liquid and steam, which is why the gaps 
between the elements must perhaps be cleaned from time to time. However, the FI 
application No. 970273 discloses an evaporator with improved shapes of elements, 
so that, during evaporation, the precipitate or other solid matter fall from between 
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the elements onto the bottom of the evaporator; in other words, regarding the 
elements, the evaporator is self-cleaning. 

In evaporators, where the portion of the treated solution or suspension that has not 
evaporated is recycled back onto the heat transmission surfaces to achieve a 
5 sufficient degree of evaporation, one problem remains: the solid matter falling from 
between the elements onto the bottom of the evaporator gets into the liquid 
circulation flow, possibly blocking the narrow liquid distribution channels at the 
upper ends of the elements, from where liquid is fed onto the surfaces of the 
elements. As the efficiency of evaporation is crucially dependent on an even 
10 spreading of liquid onto the heat transmission surfaces of the elements, the 
precipitate and other solid matter must be removed from the circulation flow in 
order to prevent blockages in the feeding channels. 

The problem with blocking could be alleviated by simply providing the circulation 
line with a separation device, such as a filter, a cyclone, or a sedimentator, which 

15 would separate the precipitate from the liquid before it is recycled back to the 
evaporation phase, as mentioned above. However, from the point of view of space 
utilization and costs, this solution would be disadvantageous; in addition, the 
pressure loss caused by the separator increases the use of energy needed for 
pumping. If the separator is located at the suction face of the circulation pump, the 

20 pressure loss can cause cavitation of the pump. Furthermore, the solid matter 
coming off from the walls of the recycling tube system subsequent to the separator, 
which would end up in the liquid distribution channels of the elements, remains a 
problem. 

To avoid the disadvantages mentioned above, according to the invention, the 
25 separation of the precipitate or other solid matter from the solution recycled to re- 
evaporation is arranged so as to take place in connection with the distribution of the 
liquid to the feeding flow leading to the heat transmission surfaces of the various 
elements of the evaporator. The method according to the invention is characterized 
in that the recycled solution is fed to the liquid distribution space so that the 
30 precipitate in the solution is separated in the space under the effect of its weight 
and/or kinetic energy at the same time as the flow of the solution is directed 
upwards, that the precipitate is removed to the exhaust pipe that starts from the 
bottom of the space, and that the solution is conducted from the space to the feeding 
units leading to the heat transmission surfaces of the elements. 
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Regarding the essential features of the evaporator according to the invention, which 
can be used to implement the evaporation method described above, we refer to the 
appended Claims, Claim 7 in particular. 

The invention is suitable for film evaporators in particular, in which bag-like heat 
5 exchanger elements consist of flexible film material, such as plastic film. In these, 
the precipitate can come off from the heat transmission surfaces not only in 
connection with washing, but also during a run; in other words, they can be self- 
cleaning, so that it is essential to remove the loosened precipitate from the solution 
circulation flow. 

10 According to the invention, by connecting the separation of precipitate to the 
solution feeding that goes to the heat transmission surfaces it is possible to remove, 
from the solution, the solid matter originating in not only the heat transmission 
surfaces but also the recycling tube systems, just before the feeding phase, which is 
the most crucial phase with regard to blocking. The separation of the precipitate 

15 thus arranged does not impede the washing of the evaporator, where large amounts 
of loosening precipitate go to the wash water, which is removed from the bottom of 
the evaporator. With respect to the utilization of space and the functionality, it is 
preferable to locate the liquid distribution space inside the evaporator jacket. 

The liquid distribution space can preferably be designed as an elongated duct, one 
20 end of which is connected to the recirculation line of the solution, and the opposite 
end is provided with an exhaust pipe for the precipitate. In this solution, the feeding 
units leading to the heat transmission surfaces are preferably distributive nozzles 
that begin from the liquid distribution space and spread out like fans, and each one 
of them feeds solution to several parallel gaps between the heat transmission 
25 surfaces of the heat exchanger elements, where evaporation takes place. Before 
joining the liquid distribution space, the recirculation line preferably forms a curve 
directed towards the space downwards from above, which causes the centrifugal 
force to press the precipitate to the circumference of the line and to the bottom of 
the liquid distribution space, which is its extension, already at the stage when the 
30 solution is coming. The precipitate then drifts, in the form of a bottom flow, along 
the shortest route from the space to the exhaust pipe. 

Alternatively, the liquid distribution space can consist of an elongated trough, 
which can be provided with parallel, slanting lamellas, under which the recycled 
solution is fed and between which the solution can flow upwards. In that case, the 
35 flow of the solution winds into the flow channels between the lamellas, which are 
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directed upwards, while the precipitate at the same time is separated from the flow 
under the effect of centrifugal force. This separation based on the kinetic energy of 
the precipitate is effective especially, when the lamellas are sloped upstream with 
respect to the mcoming direction of the circulated flow. The said curvature of the 
5 recirculation line of the solution is advantageous also in this application. 

In addition to or instead of the kinetic energy of the precipitate particles, 
gravitational force can be utilized in the separation of the precipitate by arranging 
laminar flowing conditions in the liquid distribution space so that the space with its 
slanting lamellas works as a lamellate settling apparatus. The sedimentation of the 
1 0 particles is advanced, if the bottom of the liquid distribution space is down wards 
slanting in the incoming direction of the circulated flow. 

Furthermore, it is preferable to design the liquid distribution space or its lower part 
so that it converges, in the mcoming direction of the circulated flow, in a sphenoid 
or conic form towards the exhaust pipe that starts from the opposite side of the 
15 space to the recirculation line. In that case, the speed of the stream flow can be kept 
essentially stable so that, in the space, an even upward flow and an even distribution 
of liquid to the feeding units of the various heat transmission elements is provided. 

Instead of the said slanting lamellas, the trough-like liquid distribution space can be 
provided with an intermediate bottom that divides it into a lower and upper part, 
20 comprising the necessary ports for up flow. The ports can be slanting and the walls 
defining them can have a more or less lamella-type shape to enhance the separation 
of the precipitate, or the intermediate bottom can have separating members that 
permeate the flow, such as cyclones or slanting or curved pipes that serve as flow 
channels. 

25 The precipitate, which is separated from the liquid distribution space to the exhaust 
pipe, can be lead to a clarifier, where the precipitate is separated from the liquid that 
comes with it, the amount of the liquid generally being about 3-50%, preferably 3- 
25%, of the total amount of the flow circulated in the evaporator, whereupon the 
liquid can be returned to the recycled flow. 

30 In the following, the invention is described in detail with the aid of examples and 
with reference to the appended drawings, in which: 

Fig. 1 shows a cross section of an evaporator according to the invention, comprising 
heat transmission elements made of film material, and liquid circulation channels 
that have the separation of solid matter arranged in them, 
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Fig. 2 shows the liquid distribution trough of the evaporator in section II-II of Fig. 

Fig. 3 shows, like Fig. 2, the liquid distribution trough according to another 
embodiment of the invention, 

5 Fig. 4 is the horizontal section IV-IV of Fig. 3, 

Fig. 5 shows the lower part and the intermediate bottom, provided with precipitate 
separation members, of the liquid distribution trough in accordance with a third 
embodiment of the invention, 

Fig. 6 shows a fifth embodiment of the invention, where parallel distributive 
10 nozzles are connected to a tubular liquid distribution space to feed liquid to the heat 
transmission surfaces of the elements, and 

Fig. 7 is the section VII- VII of the pipe and the distributive nozzle according to Fig. 
6. 

Evaporator 1 according to Fig. 1 comprises a cylindrical jacket 2 and parallel, bag- 
15 like heat transmission elements 3 made of plastic film and located inside the jacket. 
In the evaporator, elements 3 are tied into a pack that can consist of several dozens 
of elements. The evaporation by heat of the solution that is treated takes places on 
the outer surfaces 4 of the elements; in other words, in the gaps between the 
elements located against one another. Heat is obtained from the steam that is 
20 simultaneously condensed inside the elements. The steam generated by the 
evaporation can be used as heating steam and it is circulated through a compressor 
to the supply channels of steam (not shown) leading inside the elements. 

The upper end of each bag-like heat transmission element 3 comprises a lath 5 that 
is suitably cast from plastic, containing channels 6 for feeding the liquid to be 

25 evaporated to the film surfaces between the elements to run downwards from above. 
By using vertical, winding joints 7, the interior of element 3 is divided into channels 
that direct the flow of the heating steam and the condensate generated by it towards 
a discoidal condensate eliminator 8 located at the lower end of the element and 
jointed inside the element. Bottoms 9 of adjacent elements 3 on both sides of 

30 condensate eliminator 8 remain sufficiently apart from one another, so that they 
allow the precipitate, which was formed in the gaps between the elements in 
connection with the evaporation or other solid matter that came along with the 
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solution that was evaporated, to fall onto the bottom of the evaporator, where also 
solution 10 that did not evaporate accumulates. 

As at each time of evaporation only a small portion of the solution to be evaporated 
is converted into steam, evaporator 1 comprises equipment that can be used to 
5 repeatedly recycle the solution that has not evaporated back to film surfaces 4 of the 
elements for re-evaporation. The equipment in question consists of recirculation line 
1 1 that starts from the bottom of the evaporator, combined with line 12, which 
brings new solution to be evaporated in the evaporation process, pump 13, interior 
liquid distribution trough 14 of evaporator jacket 2, dam plate 15 that is located in 

10 the trough and works as an overflow threshold, and the supply channels 6 of liquid 
at the upper ends of the elements that we already mentioned. The purpose of the 
liquid distribution trough 14 is to provide as even a distribution of the solution fed 
to the evaporation as possible between channels 6 belonging to various elements 3. 
The solution is supplied onto the film surfaces 4 of the elements symmetrically 

15 from the liquid distribution troughs 14 on both sides of the elements, of which, 
however, only one is shown in detail in Fig. 1. 

Fig. 2 illustrates best the structure of liquid distribution trough 14, which, according 
to the invention, also works as the separator of the precipitate or other solid matter 
that comes with the recycled solution. Trough 14 is provided with a number of 

20 parallel, slanting lamellas 16, which divide the trough into a lower and upper part 
17, 18. According to the figure, inlet conduit 11 for the solution, which is 
downwards curved, joins with the lower part 17 of the trough, the bottom 19 of 
which slants towards exhaust piping 21 for the precipitate that starts from the 
opposite side to the mouth 20 of the circulation line of the trough. Parallel lamellas 

25 16 are slanted towards the mcorning direction of the solution so that, in accordance 
with the arrows in Fig. 2, the flow must wind more than 90° in order to get to flow 
channels 22 between the lamellas, which are directed obliquely upwards. In this 
condition, solid matter 23, which comes with the solution, can be separated from the 
stream flow partly under the effect of its own kinetic energy, i.e., centrifugal force, 

30 and partly under the effect of gravitational force, and allowed to sediment towards 
exhaust piping 21 that starts from the bottom of the trough. By adjusting the rate of 
flow, the process of flow can be kept, in a laminar and sufficiently slow state, in the 
lower part 17 of the trough, in the gaps between lamellas 16, so that lamellas 16, 
which work like clarifiers, ultimately prevent the solid matter from getting to the 

35 upper part 18 of the trough, at least not to an adverse extent. In the upper part of the 
trough, dam plate 15 converts the stream flow, which goes into supply channels 6, 
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into a turbulent form, further decreasing the risk of blocking in the narrow supply 
channels 6 that are divided into numerous branches (cf Fig. 1). 

In addition to the precipitate, liquid is removed from liquid distribution trough 14 
into pipe 21; the amount of the liquid can vary within 3-50% of the flow coming to 
5 the trough through recirculation line 11. According to Fig. 1, the final separation of 
the precipitate from solid matter takes place in lamellate settling apparatus 24, from 
where the precipitate is removed into line 25 and the liquid is returned through line 
26 to the suction face of circulation pump 13. From time to time, precipitate can be 
removed by rinsing with the valves of lines 21 and 26 being closed. 

10 Figs. 3 and 4 show liquid distribution trough 14 of the evaporator, which differs 
from the one in Fig. 2 in that the trough has a flat bottom but it narrows in a V 
shape from mouth 20 of the recirculation line towards the opposite side of the 
trough, and that instead of slanting lamellas, the trough comprises intermediate 
bottom 27 comprising crooked pieces of pipe 28 that work as precipitate separators, 

15 allowing liquid to flow through. Gravitational force and the centrifugal force acting 
in the curved inlet conduit 1 1 press the precipitate towards the outer circumference 
of the curve and the bottom of trough 14, so that the majority of the precipitate drift 
directly to exhaust pipe 21 under the effect of its kinetic energy. The stream flow is 
directed to the said precipitate separators, where gravitational force separates the 

20 precipitate remaining in the flow, while the stream flow continues, through the 
lateral openings 29 at the upper ends of the separators, to the upper part 1 8 of liquid 
distribution trough 14. The flow rate in all pieces of pipe 28 is essentially the same 
because of the narrowing shape of trough 14. 

In the application of liquid distribution trough 14 shown in Fig. 5, the crooked 
25 pieces of pipe 28 according to Fig. 3 are replaced with L-shaped projections 30 
bordering the flow-through openings in intermediate bottom 27. Otherwise, the 
application in Fig. 5 corresponds to what is described above. 

Figs. 6 and 7 show an application of the invention, where liquid distribution space 
14 consists of a pipe with an essentially round cross-section, which is an extension 

30 of inlet conduit 11. According to Fig. 7, pipe 11 forms a curve, where centrifugal 
force presses the solid matter contained by the liquid to the outer circumference of 
the curve, and further to the bottom of liquid distribution space 14, from where the 
solid matter ends up in exhaust pipe 2 1 . Parallel distributive nozzles 3 1 are attached 
to liquid distribution space 14, distributing the liquid, which is mainly purified of 

35 solid matter, to liquid channels 6 contained by end laths 5 of the parallel heat 



WO 00/59598 



PCT/FIOO/00278 



8 

transmission elements 3. Tips 32 of distributive nozzles 31 extending inside liquid 
distribution space 14 are bevelled to form an angle a, which is suitably about 10- 
35°, and the nozzles expand in a fan-like shape, so that each one of them feeds 
liquid to several adjacent elements 3. Furthermore, distributive nozzles 31 are 
5 provided with inner baffle plates 33 to ensure an even distribution of liquid. 

It is obvious to those skilled in the art that the various embodiments of the invention 
are not limited to the examples described above, but can vary within the following 
claims. Thus, the separation of precipitate according to the invention can be applied 
not only in the film evaporators described above but also in traditional evaporators 
1 0 comprising metal heat transmission elements. 
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Claims 

1. A method for evaporating a solution, comprising the spreading of the solution 
on the heat transmission surfaces (4) of the parallel, plate heat exchanger elements 
(3) of an evaporator (1) to run from the top downwards, the solution being fed from 

5 a liquid distribution space (14) common to the elements, the solution (10) that 
remains on the heat transmission surfaces without evaporating and the precipitate 
that is formed in connection with evaporation are removed from the lower end of 
the evaporator, and the solution that has not evaporated is recycled back to the heat 
transmission surfaces for re-evaporation, characterized in that the solution to be 

10 recycled is fed to the liquid distribution space (14) so that the precipitate (23) in the 
solution is separated in the space under the effect of its weight and/or its kinetic 
energy at the same time as the flow of the solution is directed upwards, that the 
precipitate is removed into an exhaust pipe (21) that begins from the bottom of the 
space, and that the solution is directed from the space to the supply units (6, 3 1) that 

1 5 lead to the heat transmission surfaces (4) of the elements. 

2. A method according to Claim 1, characterized in that the solution to be 
recycled is fed to the liquid distribution space (14) from the top downwards in the 
form of a flow (11) that curves towards the side or the end of the space. 

3. A method according to Claim 1 or 2, characterized in that the solution to be 
20 recycled is fed into a narrow, elongated liquid distribution space (14) from its one 

end, and that the precipitate is removed into an exhaust pipe (21) from the opposite 
end of the space. 

4. A method according to any of the preceding Claims, characterized in that the 
solution to be recycled is fed underneath parallel lamellas (16) or an intermediate 

25 bottom (27) provided with ports (28-30), which are located in the liquid distribution 
space (14), so that the flow of the solution winds towards the ports of the 
intermediate bottom or the flow channels (22) between the lamellas, and the 
precipitate (23) is separated from the flow under the effect of centrifugal force. 

5. A method according to any of the preceding Claims, characterized in that the 
30 precipitate is lead through an exhaust pipe (21) to a settling apparatus (25), where 

the precipitate is separated from the liquid phase that comes with it, after which the 
liquid phase is connected to the recirculation flow of the solution that takes place in 
the evaporator. 
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6. A method according to any of the preceding Claims, characterized in that the 
evaporator a film evaporator consisting of heat exchanger elements (3) made of 
flexible film material, such as plastic film. 

7. An evaporator (1) comprising a jacket (2), parallel plate heat exchanger 
5 elements (3) fitted inside the jacket, the solution to be evaporated being arranged to 

run on the heat transmission surfaces (4) of the elements from the top downwards, a 
liquid distribution space (14), from where the solution to be evaporated can be 
spread, through supply units (6, 31), on the parallel heat transmission surfaces from 
their upper ends, members for removing the solution (10) that has not evaporated 

10 and the precipitate, which has generated in connection with evaporation, from the 
lower end of the evaporator, and a line (11) for recycling the solution that has not 
evaporated back to heat transmission surfaces of the elements for re-evaporation, 
characterized in that the liquid distribution space (14) also constitutes a separator 
of precipitate, where the recirculation line (11) feeds the solution into the space 

15 through its side or face, and the space is provided with an exhaust pipe (21) that 
starts from its bottom, so that the precipitate (23) in the recycled flow is separated in 
the liquid distribution space under the effect of its weight and/or kinetic energy, 
ending up in the exhaust pipe at the same time as the flow of recycled solution is 
directed upwards towards the supply units (6, 31) leading to the heat transmission 

20 surfaces (4) of the elements (3). 

8. An evaporator according to Claim 7, characterized in being a film evaporator 
consisting of heat exchanger elements (3) made of flexible film material, such as 
plastic film. 

9. An evaporator according to Claim 7 or 8, characterized in that the liquid 
25 distribution space (14) is located inside the evaporator jacket (2). 

10. An evaporator according to any of Claims 7 to 9, characterized in that the 
recirculation line (11) is attached to one end of the elongated liquid distribution 
space (14), and that the exhaust pipe (21) for the precipitate starts from the opposite 
end of the liquid distribution space. 

30 11. An evaporator according to any of Claims 7 to 10, characterized in that the 
recirculation line (11) is attached to the liquid distribution space (14) so that it 
curves from the top downwards. 
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12. An evaporator according to any of Claims 7 to 11, characterized in that the 
bottom of the liquid distribution space (14) is slanted downwards towards the 
exhaust pipe (21). 

13. An evaporator according to any of Claims 7 to 12, characterized in that the 
5 liquid distribution space (14) converges in a sphenoid or conic form towards the 

exhaust pipe (21). 

14. An evaporator according to any of Claims 7 to 13, characterized in that the 
supply units comprise distributive nozzles (31) that start from the liquid distribution 
space (14) and spread out like fans, each one of them feeding solution to several 

10 parallel gaps between the heat transmission surfaces (4) of the heat exchanger 
elements (3), evaporation taking place in the gaps. 

15. An evaporator according to any of Claims 7 to 14, characterized in that the 
trough-like liquid distribution space (14) is provided with parallel, slanting lamellas 
(16), between which the solution is allowed to flow upwards. 

15 16. An evaporator according to any of Claims 7 to 14, characterized in that the 
trough-like liquid distribution space (14) comprises an intermediate bottom (27) that 
divides it into a lower and upper part (17, 18), that the recirculation line (11) is 
attached, in the lateral direction, to the lower part (17) of the liquid distribution 
space, and that the intermediate bottom comprises ports, through which the solution 

20 is allowed to flow to the upper part (18) of the space at the same time as the 
precipitate (23) ends up in the exhaust pipe (21) that starts from the bottom of the 
space. 

17. An evaporator according to Claim 16, characterized in that the flow routes 
formed by the openings in the intermediate bottom (27) are slanted upstream with 

25 regard to the incoming direction of the recirculation flow. 

18. An evaporator according to any of Claims 15 to 17, characterized in that the 
trough-like liquid distribution space (14) is provided with a dam plate (15), over 
which the solution flows as an overflow to the supply units (6) of the parallel heat 
exchanger elements. 

30 19. An evaporator according to any of Claims 7 to 18, characterized in that the 
exhaust pipe (21) leads to a settling apparatus (24), which separates the precipitate 
from the liquid phase that comes with it, and that the settling apparatus is 
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connected, by using a line (26), to the recirculation line (11) in order to join the 
separated liquid phase to the recirculation flow in the evaporator. 
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